The stability problem of the rotation induced electrostatic wave in extragalactic jets is presented. Solving a set of equations describing dynamics of a relativistic plasma flow of AGN jets, an expression of the instability rate has been derived and analyzed for typical values of jets. The growth rate was studied versus the wave length and inclination angle and it has been found that the instability time scales were less by many orders of magnitude than typical ages of jets, indicating high efficiency of the instability.
Introduction
According to observations, a luminosity power of AGNs lies in the range: ∼ [10 40 −10 47 ]erg/s (Tores & Nuza 2002) , and the question which arises is: what is the origin of radiation of AGNs, which covers a wide range of spectra: from radio up to gamma ray emission. In this context it is interesting to note that an AGN ambient (AGN wind, jet) is supposed to be rotating. Generally speaking it is obvious that the rotation affects acceleration of plasmas in AGN jets, which consequently may influence the process of radiation. The problem of the role of centrifugal acceleration (CA) as a rotational effect, on a theoretical level has been studied in (Machabeli & Rogava 1994; Rogava et al. 2003) , where interesting results were found and it has been shown that the process of acceleration of particles due to the centrifugal force under certain conditions might be very efficient. In a series of works, applying the methods developed in (Machabeli & Rogava 1994; Rogava et al. 2003) it has been demonstrated that the CA can be very important in the context of high energy emission from AGNs Rieger & Mannheim 2000) . In these articles the role of rotation on the energetics of relativistic electrons in AGNs has been studied and it was found that due to the frozen-in condition, provided by strong magnetic field, plasma particles follow the field lines, co-rotate and as a result accelerate up to energies enough for producing high energy photons. So the amount of energy contained within a centrifugally accelerated plasma flow is very big
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and if there are mechanisms for the conversion of at least a small fraction of this energy into the the variety of instabilities -one might find a number of interesting consequences related to the problem of radiation. The centrifugally driven parametric instability has been introduced in (Machabeli et al. 2005) where in the context of pulsars it was shown that due to the centrifugal force, causing separation of charged particles, an electrostatic field was produced, exciting the corresponding instability. The increment of the linear stage has been estimated and analyzed for the Crab pulsar. It was demonstrated that the linear regme was extremely efficient and short in time indicating a need of saturation of a growth rate. By applying the same approach, in ) the problem of reconstruction of pulsar magnetospheres on large scales nearby the light cylinder has been considered. We have studied a new parametric mechanism of the instability and it was shown that for low frequency curvature drift waves, corresponding instability was very efficient.
In this paper a hydrodynamic approach will be used to study the parametric mechanism of rotation induced electrostatic wave generation in extragalactic jets, applying the approach developed in (Machabeli et al. 2005) and . AGN winds and extragalactic jets are supposed to be composed of a bulk component having the Lorentz factor in a following range ∼ 10 − 20 and relativistic electron-positron pairs with Lorentz factors: ∼ 10 5−8 Rieger & Mannheim 2000) . Likely the case of the pulsar magnetospheres (Machabeli et al. 2005) , in a jet plasma, each component of it will experience the centrifugal force leading to charge separation, resulting in the appearance of electrostatic field, which will generate the instability.
The paper is arranged as follows. In §2 we derive the dispersion relation, in §3 the corresponding results are present and in §4 we summarize our results.
Theory
Throughout the paper it is supposed that magnetic field lines are straight and inclined by angle α with respect to the rotation axis. The plasma is in the frozen-in condition, corotating together with the field lines with angular velocity ω.
It is easy to start our consideration by the local non inertial co-rotating frame of reference. The corresponding interval in the rigidly rotating frame will have the form :
where Ω ≡ ω sin α is effective angular velocity of rotation.
Here we use units c = 1. In the local frame of reference the equation of motion for a single particle is given as follows:
where γ = (1 − v 2 ) −1/2 is the Lorentz-factor, v = dr/dτ is the velocity of the particle determined in the 1+1 formalism (Thorne et al. 1986 ), p → p/m -the dimensionless momentum, g ≡ − ∇ξ ξ , γg -the centrifugal force (Machabeli et al. 2005 ) and τ ≡ ξt (ξ ≡ √ 1 − Ω 2 r 2 ) -the universal time. Taking into account an identity d/dτ ≡ 1/(ξ∂t) + (v∇) and a fact that Lorentz factors in the local frame of reference and the inertial, laboratory frame (LF) relate to each other: γ = ξγ ′ (prime denotes a physical quantity in the LF), one can rewrite the equation of motion in the LF by following:
where e, p, b denote electrons, positrons and the bulk components respectively. In this paper we apply a method developed in (Machabeli et al. 2005) , where relativistic plasma stream motion was described by the single particle kinematics.
For closing the system one has to add the continuity equation:
and the Poisson equation:
We start the analysis by introducing small perturbations around the leading state:
where Ψ = (n, v, p, E, B). Eq. (3) in the zeroth approximation (leading terms), by applying the frozen-in condition E 0 + v 0i × B 0 = 0, can be reduced to (Machabeli & Rogava 1994) :
In (Machabeli & Rogava 1994 ) it has been shown that for ultra-relativistic particles (γ ≫ 1) Eq. (7) has following solutions:
for initial conditions: r 0 = 0 and V 0 ∼ 1. When studying the problem in the zeroth order (Machabeli & Rogava 1994) , the effects of plasma oscillations have not been considered. As a next step one has to take into account that due to the CA, different species of the plasma (electrons, positrons and protons (bulk)) will separate, leading to the generation of the electrostatic field, the linear instability analysis of which we are going to study.
Perturbing all physical quantities by following:
Eqs. (3,4) will get the form:
Here E 1 is the electric field, induced by the separation of charges.
In order to reduce the above system into a single equation let us use an ansatz:
then, from Eqs. (11,12,13) one gets:
where
Restoring the speed of light and introducing a new variable N ≡ N p − N e , after making the Fourier transformations one can easily reduce Eqs. (15,16):
where M and m are masses of protons and electrons/positrons respectively, a ≡ ck/Ω and ω e = 8πn 0 e e 2 /m. For deriving Eqs. (17,18) , the identity
has been used. If one substitutes N b from Eq. (17) into Eq. (18), one gets the dispersion relation governing the electrostatic instability:
where ω b = 8πn 0 b e 2 /M is the plasma frequency corresponding to the bulk component of the plasma.
In order to extract some sense out of the dispersion relation it is better to consider physics close to the resonance condition: ω res ≈ ω e /γ 1/2 0e , then preserving only leading terms in Eq. (20) and taking into account following conditions: ω ≈ −s 0 Ω, s 0 ≈ l 0 , the dispersion relation can be reduced into a following single term specifying the growth rate (∆ ≡ ω − ω res ) of the instability:
Since we are interested in imaginary parts of ∆, it is easy to see that the following solution (Abramowitz & Stegun 1965)
is responsible for the instability, the increment of which is given by:
Discussion
We consider a jet having an opening angle β ≡ 2α = 2 0 and a central black hole with mass M BH = 10 8 M ⊙ and an angular rate of rotation ω = 3 × 10 −5 s −1 of an AGN wind, making the light cylinder located at r L ≈ 10 15 cm. = n 0 e = 0.001cm −3 . As it is seen in the figure, the increment is very sensitive on the wave length, slightly changing λ, one may kill the instability completely.
These values are typical for AGNs 1; Rieger & Mannheim 2000) .
As it was already explained, the centrifugal force separates different species of the plasma, leading to the generation of longitudinal electrostatic waves with the wave vector − → k (|| − → B ). We are going to investigate the instability versus the wave length λ and the inclination angle α and estimate the corresponding growth rate.
In Fig. 1 we show dependence of logarithm of the instability increment on the wave length λ ≡ λ 0 + ∆λ, where λ = 10 6 cm and ∆λ = [0, 0.1]cm. The set of parameters is:
. These values are typical for extragalactic jets, which are supposed to be under dense with respect to their ambient, obviously having density of the order of n am ∼ 1cm −3 . An interesting feature of the result shown in Fig. 1 is sensitiveness of the increment on the wave length. As it is clear from the plot, small change of λ, drastically changes the situation: for certain values of the wave length the instability rate reaches its maximum level and for slightly different values -it is equal to 0. Therefore it is better to examine an average value for each interval with a single peak taking into account that one has two main parameters: λ and α, and the calculation must be performed with respect to both of them:
and based on discrete data interpolate it. For estimation of the instability rate it will be enough.
In Fig. 2 we show the dependence of logarithm of the Fig. 3 . Dependence of logarithm of the average instability rate on the wave length. The set of parameters is the same as in Fig. 1 , except a wider range of the wave length.
growth rate versus α. The set of parameters is the same as for Fig. 1 except a wider range of α and a fixed value of the wave length λ = 10 6 cm. As we see, the bigger the inclination, the bigger the increment of the instability. This is a natural result, because when one increases the angle the centrifugal force increases too, leading to a more efficient instability process.
In Fig. 3 the behaviour of logarithm of Γ versus λ is shown. The set of parameters is the same as in Fig. 1 except a wider range of the wave length. As it is clear from the graph, by increasing λ, the average instability rate also increases. Even for the smallest increment shown on the graph: Γ ∼ 1.3 × 10 −5 (λ = 10 6 cm), the corresponding time scale is:
